The national monitoring network of benchmark lakes consists of ten lakes situated in different Polish lakelands. They do not receive wastewater from point sources of pollution and their catchment areas are predominantly forested. Changes in their water quality should be natural or almost natural due to very low anthropogenic pressure. In the majority of the benchmark lakes the values of eutrophication parameters during the 1999-2004 period did not exceed 0.060 mg dm -3 P for total phosphorus or 10 μg dm -3 for chlorophyll a, and Secchi disc readings generally exceeded 2.5 m. Trend analyses in the majority of cases did not reveal significant changes in eutrophication parameters over time.
INTRODUCTION
Lake monitoring in Poland has been performed within regional and national networks for years in accordance with the program developed by the Chief Inspectorate for Environmental Protection. In regional networks, all Polish lakes of a surface area exceeding 50 ha have been monitored at a frequency of a couple of years, and the monitoring investigations have been carried out according to guidelines for lake monitoring in Poland (Kudelska et al. 1994) based on the Lake Quality Evaluation System (Kudelska et al. 1997) . The national monitoring network of benchmark lakes has comprised ten lakes since 1999. The lakes in question do not receive wastewater from point sources of pollution, are situated in forested or partially agricultural catchments, and are characterized by high water quality. The changes registered in water quality should be natural or almost natural due to the very low anthropogenic pressure under current catchment usage.
The aim of this article is to present the results of research on phosphorus, nitrogen, chlorophyll a contents, and water transparency and to analyze changes of these parameters in the 1999-2004 period.
MATERIALS AND METHODS
The list of benchmark lakes includes the following water bodies: Jasień Południowy and Północny, Krępsko Długie, Wukśniki, Jegocin, Łękuk, Długie Wigierskie, Śremskie, Tarnowskie Duże, and Białe Włodawskie (Fig. 1) .
The benchmark lakes represent all the lakeland regions in Poland. They differ in morphometric features, catchment area, and hydrological type ( Table 1 ). The only non-stratified lake is Tarnowskie Duże (maximum depth 7.5 m), while the others are characterized by thermal stratification during the summer. Included among them there are flow lakes, groundwater dependent lakes (no flow), and outflow lakes. The individual lakes have different shares of surface and groundwater supply.
The scope and methods of benchmark lake investigation generally correspond with the guidelines for lake monitoring in Poland (Kudelska et al. 1994 ) and focus on lake eutrophication parameters. Sampling frequency in the case of benchmark lakes is from six to eight times during the vegetation period.
In order to assess temporal changes, eutrophication indicator values (total phosphorus, total nitrogen, chlorophyll a, and Secchi disc depth) were analyzed over time series using simple linear regression. The variables were log transformed prior to analyses. Lakes Wukśniki and Łękuk were excluded from further analyses because of irregular frequency of measurements in subsequent years.
RESULTS AND DISCUSSION
The average total phosphorus concentrations in benchmark lakes for the period 1999-2004 ranged from 0.028 mg dm -3 P (Lake Białe Włodawskie) to 0.087 mg dm -3 P (Lake Jasień Południowy). The average values among the lakes during the vegetation period in particular years differed two fold or even more (Table 2 ). In comparison to other Polish lakes, the benchmark lakes are still characterized by relatively low phosphorus concentrations. The mean phosphorus content in the lakes monitored in regional networks has been about 0.100 mg dm -3 P Soszka 2003, Cydzik et al. 2005 ) in recent years. The total nitrogen content for the 1999-2004 period ranged from 0.51 mg dm -3 N (Lake Krępsko Długie) to 1.54 mg dm -3 N (Lake Tarnowskie Duże), on average. The maximum values of the indicator reported for Table 2 Mean values, standard deviation (SD) and ranges of eutrophication parameters in surface waters of benchmark lakes in the 1999-2004 period.
Phosphorus (mg dm benchmark lakes in particular research years only exceptionally exceeded 2.0 mg dm -3 N (Table 2 ). In Polish lakes monitored in regional networks, the mean nitrogen content in recent years was higher at 1.7 mg dm -3 N Soszka 2003, Cydzik et al. 2005) .
In the case of chlorophyll a, the mean concentration for the 1999-2004 ranged from 2.4 μg dm -3 (Lake Jegocin) to 14.3 μg dm -3 (Lake Tarnowskie Duże), while in the majority of lakes it did not exceed 10 μg dm -3 (Table 2 ). In the benchmark lakes the chlorophyll content changed significantly from year to year. The maximum chlorophyll value was noted in lakes Jasień Południowy (23.3 μg dm -3 ) and Tarnowskie Duże (22.6 μg dm -3 ). Compared to Polish lakes monitored in regional networks, in which the average chlorophyll content in recent years was about 30 μg dm -3 Soszka 2003, Cydzik et al. 2005) , the benchmark lakes are characterized by less intense planktonic algae development. This is confirmed by the high transparency of benchmark lake waters, the average range of which in the 1999-2004 period was from 2.3 m (Lake Tarnowskie Duże) to 4.6 m (Lake Wukśniki) ( Table 2 ). The mean Secchi disc depth was 1.7 m in the Polish lakes monitored in recent years Soszka 2003, Cydzik et al. 2005) .
According to OECD standards (Vollenweider 1989) , the values of eutrophication parameters in benchmark lakes comply with mesotrophic as well as eutrophic lakes. The highest values of chlorophyll and the lowest transparency were often recorded in the polymictic Lake Tarnowskie Duże. In consideration of the trophic classification adopted by Hillbricht-Ilkowska et al. (1996) , the majority of dimictic benchmark lakes belong to mesotrophic category DI, while the polymictic Lake Tarnowskie Duże belongs to the slightly eutrophic category PI.
Trend analyses in the majority of benchmark lakes did not reveal significant temporal changes in the values of eutrophication indicators (Table 3) . Random statistically significant cases explained only a small amount of variability in the parameters analyzed over time (determination coefficients ranged from 0.10 to 0.29). Rather, the decreasing trends in phosphorus concentrations in lakes Białe Włodawskie and Długie Wigierskie can be better explained by the upgraded analytical procedure for P determination than by true changes in water quality.
The catchment area usage of some benchmark lakes (Krępsko Długie, Jegocin, Długie Wigierskie), as well as the high quality of their waters (mesotrophic conditions) indicate their compliance with the criteria established for reference lakes as set forth in the Water Framework Directive (European Commission 2003) . This is why the results of benchmark lake monitoring can form the basis for establishing a new system of lake assessment and classification that utilizes the reference conditions approach and is compliant with Water Framework Directive requirements.
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